In view of the entrusted transportation management model (ETMM) of China's high-speed railway (HSR), the supervision strategy of an HSR company for its multiple agents plays a very important role in ensuring the safety and sustainable development of HSR. Due to the existence of multiple agents in ETMM, the supervision strategy for these agents is usually difficult to formulate. In this study, a quadruplicate HSR safety supervision system evolutionary game model composed of an HSR company and three agents was established through the analysis of the complex game relationship existing in the system. The behavioral characteristics and the steady state of decision-making of all stakeholders involved in the system are proved by evolutionary game theory and system dynamics simulation. The results show that there will be long-term fluctuations in the strategies selected by the four stakeholders in the static reward-penalty control scenario (RPCS), which indicates that an evolutionary stable strategy does not exist. With increases in the reward-penalty coefficient, the fluctuations are intensified. Therefore, the dynamic RPCS was proposed to control the fluctuations, and the simulation was repeated. The results show that the fluctuations can be effectively restrained by adopting the dynamic RPCS, but if the coefficients are the same, the static RPCS is better than the dynamic RPCS for increasing the safety investment rate of the three agents. This demonstrates that the HSR company should apply these two control scenarios flexibly according to the actual situation when formulating a supervision strategy in order to effectively control and enhance the safety level of HSR operations when multiple agents are involved.
Introduction
Along the continued development of global economy, infrastructures have to be continuously upgraded to improve the living environment of its citizens. Therefore, gas pipelines, high-speed railways (HSR), subways, airports, tunnels, bridges are constructed and brought into service constantly [1, 2] . In recent years, the development of HSR as one of the main initiatives, regarding transport infrastructure, pursued by many countries due to its advantages of high punctuality rate, safety, comfort, little environmental impact, less economic investments required, low energy consumption, and high speed [3] [4] [5] . HSR around the world have been continuously carrying out the innovation of technological, management and institutional [6] [7] [8] [9] . Governments and relevant departments in many countries have revised and formulated new transportation development strategies to promote the sustainable development of HSR [10] [11] [12] .
Due to the comprehensive efforts of the China Railway Corporation (CRC) and all of the employees in the railway industry, China now has the largest number of HSR with construction and in operation (in terms of mileage) in the world [13] . However, some serious HSR accidents have happened and caused a lot of injuries, fatalities as well as economic losses. For instance, On 23 July 2011, the train D301 from Beijing South Station to Fuzhou Station rear-ended with the train D3115 from Hangzhou to Fuzhou South Station, 40 people were killed, 172 injured and 193.7165 million yuan direct economic loss on the Yong-Wen HSR line, which is considered to be the most serious accident in Chinese railway history [14] [15] [16] [17] . Therefore, ensuring the safety of HSR has become an important task of the government, the CRC, and any other relevant entity or individual.
As an outcome of the leapfrogging railway development in China, the HSR management system is still in an exploratory stage. A new model of HSR management have been proposed, called the entrusted transportation management model (ETMM) [18] . In the ETMM, an HSR company separates the responsibility of transportation asset management from transportation production management. That is, the HSR company is responsible for the specialized management of the transportation assets, and the transportation production business is entrusted to other agents (e.g., a railways bureau-RB). According to the CRC-issued regulations in "Guiding Opinions on Commissioning Transportation Management by New Joint-Venture Railway" [19] , the ETMM has been adopted for the operation and management of HSR due to its advantages of conducive to the centralized command of transportation dispatch, rational allocation and utilization of railway transportation network resources, strengthen professional management; this is an innovative reform to the HSR management system in China [18] . ETMM specifies the safety management responsibilities of all stakeholders, such as the operational management responsibility of multiple RBs, and that the HSR company should pay relevant management fees to them for these services. Furthermore, the HSR company's safety supervision of these agents is essential, so the system is called an HSR Operational Safety Supervision System. In this system, the behavior of these agents should be managed and controlled through effective reward and penalty measures, thus enabling achievement of the goal of improving the safety management levels of the HSR.
From the principles of the market economy and the view of game theory [20] [21] [22] [23] , each stakeholder in an HSR Operational Safety Supervision System may have different business goals and economic interests. They could formulate different strategies to concurrently maximize their respective profits and ensure the safety of the HSR transportation management. The effectiveness of HSR safety supervision and inspection depends on the different strategy selections made by the HSR company and its agents using the information they have observed over a long period of time; thus, a game relationship exists between them. As the railway management system is still being reformed in China, the ETMM is not perfect. A number of problems have arisen due to the ambiguous lines of responsibility and rights in the safety management process, and the assessment system of rewards and penalties to control the safety investment behavior of these agents does not exist. These problems could increase the ambiguity of the rules of the game and deepen the hidden conflicts of interest between different stakeholders. Furthermore, the long-term effectiveness of HSR supervision and inspection will be directly affected, and it also has a potential impact on the operational safety of the HSR. A scientific method is needed for HSR company to formulate effective measures of rewards and penalties, the ETMM can then be refined.
Game theory can study the mathematical models of conflict and interactions among multiple participants. However, it also has its limitations [21] . The key assumptions of traditional game theory are that the participants are intelligent, rational beings, which is inconsistent with the actual situation [22, 23] . Evolutionary game theory is an extension of traditional game theory; it was developed to overcome the disadvantages of traditional game theory when analyzing the bounded rationality of participants and considering the dynamic process of game playing [24] [25] [26] . For these reasons, evolutionary game theory was widely used to study various safety measures that prevail in many areas. For example, Li et al. [27] established a game model of over-speed-limit driving behavior using evolutionary game theory. They analyzed the steady state of evolution through the Jacobian matrix and proposed a rewards and penalties measure to standardize the behavior of traffic managers and drivers. Cai [28, 29] used game theory and system dynamics (SD) simulation to study the governance of environmental pollution and analyzed the evolutionary game process of the system between the government and the two companies using different strategies. Wang et al. [30] proposed an SD model for studying a mixed-strategy evolutionary game between the firm and the government about the environmental pollution problem; they suggested using dynamic penalties for equilibrium stabilization and improvement. Zhu et al. [31] used evolutionary game theory to analyze the game relationship between local governments and manufacturing companies under a carbon emission reduction policy; they introduced government dynamic compensation strategies to analyze the interaction mechanism between the government and business. Zhang et al. [32] used evolutionary game theory to analyze the issue of supervising inspectors and toll collectors who choose complicity with drivers seeking to escape charges. They concluded that strengthening supervision of and penalties for inspectors can effectively improve this situation. Tian et al. [33] used system dynamic simulations and evolutionary game theory to guide the subsidy policies that promote the diffusion of green supply chain management in China. The relationships of stakeholders such as government, enterprises and consumers were analyzed in that study. Liu et al. [34] used evolutionary game theory and system dynamic simulations to analyze the stability of stakeholder interactions and to identify equilibrium solutions in China's coal mining safety inspection system. Zhang [35] studied the stability of the equilibrium in the game between commercial banks and closed-loop supply chain enterprises by using evolutionary game theory combined with SD simulations. Duan et al. [36] built two SD-based tripartite evolutionary game models to study the relationship between government, business, and the overall interests of society. Guo et al. [37] proposed an SD model based on evolutionary game theory to describe the complex and dynamic interactions among tripartite stakeholders during construction quality supervision.
Many studies on problems existing in the HSR operational safety supervision system have achieved some results. For example, Peng et al. [38] think that an effective incentive compatibility mechanism should be designed and established to resolve the different interests between the HSR company and the commissioned RB, to achieve a 'win-win' situation for the two sides. Han [39] believed that the incentive and regulation mechanism should be revised and improved to strengthen the entrusted transportation management of the HSR. Ji et al. [40] used game theory to study the behavior between railway enterprises and railway regulatory agencies to improve the efficiency of supervision. However, to date, those researchers have focused on qualitative analysis without in-depth theoretical research [38, 39] , or they only used traditional game theory to analyze the game between two stakeholders [40] . Li et al. [41] established a static evolutionary game model that is composed of HSR company, the State Railway Administration (SRA) and the commissioned Railways Bureau (RB) on a macro level. They summarizes the differences between safety supervision/inspection of HSR company and safety supervision/management of SRA by analyzing the current status of HSR operational safety supervision system. In the actual supervision process, a HSR line often involves multiple commissioned RBs (agents), for example, the HSR line between Beijing and Shanghai in China involves three agents, the Jinan RB, the Shanghai RB and the Beijing RB. On the one hand, the HSR company has commissioned transportation management agreements with three agents separately, but on the other hand, uncooperative relationships have been formed among its three agents due to the lack of clear agreement between them. The existing work does not consider the existence of multiple agents in the system, the problem of systemic dynamic interactions that can occur between the HSR company and its three agents has still not been modeled. Therefore, a scientific method to guide decision making is non-existent. Research is still needed to address this issue so that control scenarios can be put forward for controlling the stability of the interactions; this can help the HSR company to effectively develop and implement the supervision strategies, also can perfect the assessment system of rewards and penalties. Therefore, based on the results of academic research in relevant fields and the laws and regulations on the operational safety supervision of the HSR, this paper further narrows the scope of the study, the quadruplicate dynamic evolutionary game process between the HSR company and its three agents (with uncooperative relationships) is modeled and analyzed.
The remainder of this paper is organized as follows. In Section 2, the evolutionary game model of these actors in a static reward-penalty control scenario (RPCS) is established and simulated using an SD model. In Section 3, the model is optimized and established in a dynamic RPCS. Finally, by comparing and analyzing the influence of different reward-penalty coefficients to the model in these two scenarios, some reasonable suggestions are proposed for the development of policies on the HSR operational safety supervision system with multiple agents in Section 4.
Analysis of an HSR Operational Safety Supervision Evolutionary Game Model with Multiple Agents in a Static RPCS

Model Description and Establishment
As the HSR ETMM is established in the background of the marketization operating mechanism, there is an uncooperative and competitive relationship among the multiple agents in the HSR operation safety supervision system. Based on the "Regulation on the Administration of Railway Safety (No.639)" [42] , the "Safety Management Regulations" [43] , and the management delegation agreement signed by the HSR company and its agents, the evolutionary game model of the HSR safety operations supervision system with three agents has been described as follows.
The HSR company is responsible for supervising its three agents. Assume that the strategy for the HSR company is to supervise at a ratio of X (0 ≤ X ≤ 1). Suppose that the average cost of agent supervision is C S . If there is no supervision, the three agents may violate the HSR rules and regulations and neglect safety investment. That is when accident rates start to rise and the HSR company will bear the cost of the latter part of the asset and reputation losses, represented as L j (j = 1, 2, 3). The strategy for the three agents to make safety investments occurs at a ratio of Y j (0 ≤ Y j ≤ 1, j = 1, 2, 3). Suppose that the normal safety production profits of three agents are π j (j = 1, 2, 3) and their safety investment costs are C j (j = 1, 2, 3). If these agents will be punished or rewarded according to the results of supervision by the HSR company, they will be rewarded with B j (j = 1, 2, 3) or punished with P j (j = 1, 2, 3), as they comply with or violate the regulations.
(1)
In Equations (1) and (2), β is the reward-penalty coefficient, and A j (j = 1, 2, 3) is the general reward for three agents. When only one agent is found to have violated the agreement, the penalty is P j ; when two or three agents concurrently violate the agreement, the penalty is
From the above basic assumptions and descriptions, the game payoff of the three agents with uncooperative relationship under eight different strategy combinations can be obtained. For example, when Agent 2 makes safety investment, Agent 1 and Agent 3 neglects safety investment, the payoff of Agent 2 is π 2 +XB 2 , i.e., the sum of the normal safety production profits of Agent 2 and the rewards of HSR company at supervision rate X; the payoff of Agent 1 is π 1 +C 1 − X(P 1 + P 3 ), i.e., the sum of the normal safety production profits of Agent 1, the safety investment costs saved during the neglects safety investment and the negative of rewards of HSR company at supervision rate X when Agent 1 and Agent 3 concurrently violate the agreement. The payoff of Agent 3 is π 3 +C 3 − X(P 1 + P 3 ), i.e., the sum of the normal safety production profits of Agent 3, the safety investment costs saved during the neglects safety investment and the negative of rewards of HSR company at supervision rate X when Agent 1 and Agent 3 concurrently violate the agreement. In the same way, the game payoff of the three agents under the other seven strategy combinations can be obtained. Overall, the payoff matrix of the three agents can be summarized as presented in Table 1 . Table 1 shows that the expected profits of Agent 1 for selecting to make a safety investment or not are
Therefore, the average expected profit of Agent 1 is,
Similarly, the average expected profits of Agent 2 and Agent 3 are L 2 , L 3 . When the HSR company is playing a game with the three agents. The payoff matrix is shown in Table 2 . 
Agent 2 makes safety investment, Agents 1 and 3 neglect safety investment
Agent 3 makes safety investment, Agents 1 and 2 neglect safety investment
Agents 1 and 2 make safety investment, Agent 3 neglects safety investment
Agents 1 and 3 make safety investment, Agent 2 neglects safety investment
Agents 2 and 3 make safety investment, Agent 1 neglects safety investment
Agents 1, 2 and 3 neglect safety investment
Based on Table 2 , the expected profits of the HSR company when choosing to perform the duty of supervision or not are L X and L 1−X , respectively.
Therefore, the average expected profit of the HSR company is,
Replicator Dynamics of a Multiple Agent Supervision System
Based on evolutionary game theory and Equations (1)- (8), the replicator dynamics (RD) equation [44] reflects the speed and direction of the strategy adjustment for safety supervision by the HSR company and the safety investment by three agents, as shown in equation set (9) .
From equation set (9), the Jacobian determinant is shown in Equation (10) .
where,
Because the mathematical expression of the model is relatively complicated, and in order to facilitate the solution analysis, the relative variables should first be assigned values so that the equilibrium solutions of the RD equation set (10) can be calculated. Then, the stability of all equilibrium solutions can be analyzed through theoretical derivation and SD simulation. According to the investigations by related experts in the HSR industry [41] , the specific parameters are obtained as shown in Table 3 after pretreatment. 
Results of the Stability Analysis of a Multiple-Agent Supervision System
Friedman proposed a method to obtain the stability of the equilibrium solution of the system's RD equations by analyzing the Jacobian matrix and the characteristic values of the game model [45, 46] . According to the Lyapunov stability theory, if all characteristic values have nonpositive real parts, the system is stable; otherwise, the system is unstable. Substitute these specific numerical values from Table 3 into Equations (9) and (10) to calculate the corresponding characteristic values and the steady state of each equilibrium solution of the model, as shown in Table 4 . From Table 4 , we can see that no evolutionary stable strategy (ESS) exists in this model. 
Equilibrium Solution
Characteristic Values State 
Stability Analysis of a Multiple-Agent Supervision System Based on SD
To analyze the behavior and the influence of different factors on the multiple agents supervision system more intuitively, the evolutionary game process of the system has been modeled using SD simulation, and the theoretical analysis results from the previous section have also been verified. The established evolutionary game model for the HSR operational safety supervision system with multiple agents using Vensim PLE 5.6a [47] is shown in Figure 1 . The initial values of the relevant variables and the relationships between them can be obtained from Table 3 and Equations (1)- (10) .
When the HSR company supervises three agents, the randomly selected initial strategies of the four stakeholders in the game are X =0.5, Y 1 = 0.5, Y 2 = 0.5, Y 3 = 0.5, and the reward-penalty coefficient is β = 2. The evolutionary game process of the four stakeholders of the system is shown in Figure 2 . This figure shows that the strategy selection of all these four stakeholders fluctuates repeatedly in a static RPCS and the game results are difficult to predict. No ESS exists, which was consistent with the theoretical analysis results in Table 4 . The safety supervision rate of the HSR company has shown a tendency to fluctuate upwards, and the amplitude increases. The safety investment rate of Agent 1 has fluctuated downward and the amplitude increases, while the safety investment rates of Agents 2 and 3 have gradually evolved to states Y 2 = 1 and Y 3 = 1, respectively. This phenomenon is caused by the competing relationships among the HSR company's three agents. When the strategy of Agent 1 gradually selects the neglecting of safety investment, the best strategy selection for the remaining two agents is to gradually make safety investments.
In a static RPCS, by changing the reward-penalty coefficient β to observe the impact of HSR company supervision on the strategy selection of the agents, the simulation results are as shown in Figure 3 . = . The evolutionary game process of the four stakeholders of the system is shown in Figure 2 . This figure shows that the strategy selection of all these four stakeholders fluctuates repeatedly in a static RPCS and the game results are difficult to predict. No ESS exists, which was consistent with the theoretical analysis results in Figure 3a-d represent the evolutionary game process among three agents and the HSR company when the reward-penalty coefficient is β = 1.5, β = 2 and β = 3, respectively. From the above simulation results, it can be seen that with the increase in the coefficient, the amplitude and frequency of fluctuations in the supervision rate of the HSR company and the safety investment rate of Agent 1 have gradually increased. The strategy selection of the HSR company has shown a tendency to fluctuate upward, and Agent 1 has fluctuated downward, while Agents 2 and 3 evolved gradually toward the highest state (Y 2 = Y 3 = 1). This phenomenon can be explained as follows, in the process of HSR operational safety supervision, if an accident occurs, the HSR company will immediately apply stricter supervision and inspection measures to cope with emergencies, such as frequent supervision and inspection of the safety investments of these agents. Based on the results of this supervision, the HSR will then allocate rewards and penalties. All these measures were being taken to improve the safety investment rates of the three agents and to control the safety conditions of the HSR. Because the safety investment cost of Agents 2 and 3 are lower than those of Agent 1, they tend to make more safety investments in accordance with the agreement and rules. As the HSR company's supervision and inspections have improved its operational safety and, at the same time, resulted in higher safety supervision costs, the standards for the implementation of supervision measures will be gradually reduced, and the supervision of these agents will be relaxed. Then, the safety investment rate of these agents will decline, which could lead to new accidents. Therefore, HSR operations will actually experience repeated fluctuations in the long-term game process. In a static RPCS, by changing the reward-penalty coefficient β to observe the impact of HSR company supervision on the strategy selection of the agents, the simulation results are as shown in Figure 3 .
(a) In a static RPCS, by changing the reward-penalty coefficient β to observe the impact of HSR company supervision on the strategy selection of the agents, the simulation results are as shown in Figure 3 .
(a) Y =Y = . This phenomenon can be explained as follows, in the process of HSR operational safety supervision, if an accident occurs, the HSR company will immediately apply stricter supervision and inspection measures to cope with emergencies, such as frequent supervision and inspection of the safety investments of these agents. Based on the results of this supervision, the HSR will then allocate rewards and penalties. All these measures were being taken to improve the safety investment rates of the three agents and to control the safety conditions of the HSR. Because the safety investment cost of Agents 2 and 3 are lower than those of Agent 1, they tend to make more safety investments in accordance with the agreement and rules. As the HSR company's supervision and inspections have improved its operational safety and, at the same time, resulted in higher safety supervision costs, the standards for the implementation of supervision measures will be gradually reduced, and the supervision of these agents will be relaxed. Then, the safety investment rate of these agents will decline, which could lead to new accidents. Therefore, HSR operations will actually experience repeated fluctuations in the long-term game process.
Analysis of the Optimized HSR Operational Safety Supervision Evolutionary Game Model with Multiple Agents in a Dynamic RPCS
Results and Stability Analysis of an Optimized Multiple-Agent Supervision System
In a static RPCS, the fluctuations of the HSR multiple-agents safety supervision game process do not benefit the strategy selection of all the stakeholders. In studies to control fluctuations with a game process, the method of dynamic reward or penalty has been proposed in the literature [28] [29] [30] [31] . This paper presents a new RPCS that combines these two methods and applies it to the HSR multipleagents safety supervision system. In other words, based on the static RPCS, the HSR company links 
Analysis of the Optimized HSR Operational Safety Supervision Evolutionary Game Model with Multiple Agents in a Dynamic RPCS
Results and Stability Analysis of an Optimized Multiple-Agent Supervision System
In a static RPCS, the fluctuations of the HSR multiple-agents safety supervision game process do not benefit the strategy selection of all the stakeholders. In studies to control fluctuations with a game process, the method of dynamic reward or penalty has been proposed in the literature [28] [29] [30] [31] . This paper presents a new RPCS that combines these two methods and applies it to the HSR multiple-agents safety supervision system. In other words, based on the static RPCS, the HSR company links rewards and penalties to the safety investment rates (Y j ) and the rate of violation of the agreed rules (1 − Y j ) of the three agents. When considering the existence of three agents for the HSR company, the HSR operational safety supervision evolutionary game model in a dynamic RPCS is as follows. The penalties P j (j =1, 2, 3) and rewards B j (j = 1, 2, 3) for the three agents are,
In Equations (12) and (13), P j and B j are the penalties and rewards in a static RPCS. Substituting these specific numerical values from Table 3 into Equations (9)- (12), the equilibrium solution, the corresponding characteristic values, and the steady state of each equilibrium solution of the evolutionary game system can be obtained, as shown in Table 5 .
From Table 5 , we can see that only the characteristic values of equilibrium solution E 21 have four negative real parts, which satisfies the stability condition of the Lyapunov stability theory, so equilibrium solution E 21 is the ESS in this model. 
Stability Analysis of an Optimized Multiple-Agent Supervision System Based on SD
When the HSR company supervises three agents in a dynamic RPCS, the initial strategies of the four stakeholders of the game are X = 0.5, Y 1 = 0.5, Y 2 = 0.5, Y 3 = 0.5, and the reward-penalty coefficient is β = 2. The evolutionary game processes of the four stakeholders of the system are shown in Figure 4 . This figure shows that in a dynamic RPCS, the strategy fluctuations of all four stakeholders in the game process is effectively restrained, and their strategy selection has converged to the stable state in the short term. The evolutionary game process probably converges to E 21 = (0.6250, 0.3333, 1, 1), which indicates that the system has an ESS. Furthermore, the results of the theoretical analysis in Table 5 have also been verified. 
When the HSR company supervises three agents in a dynamic RPCS, the initial strategies of the four stakeholders of the game are This figure shows that in a dynamic RPCS, the strategy fluctuations of all four stakeholders in the game process is effectively restrained, and their strategy selection has converged to the stable state in the short term. The evolutionary game process probably converges to E21´= (0.6250, 0.3333, 1, 1), which indicates that the system has an ESS. Furthermore, the results of the theoretical analysis in Table 5 have also been verified. Changing the reward-penalty coefficients β 1.5 = , β 2 = and β 3 = to observe the influence of HSR company supervision on the strategy selection of the three agents yields the simulation results in a dynamic RPCS shown in Figure 5 . Changing the reward-penalty coefficients β = 1.5, β = 2 and β = 3 to observe the influence of HSR company supervision on the strategy selection of the three agents yields the simulation results in a dynamic RPCS shown in Figure 5 .
From Figure 5 , it can be seen that with the increase in the coefficient β, the value of the safety supervision rate of the HSR company in a stable state will decrease, the safety investment rate of Agent 1 will increase, and the upward trend of the safety investment rates of Agents 2 and 3 will be slowed. A comparative analysis of Figures 4 and 5 shows that when the reward-penalty coefficient is the same, the mean value of fluctuations in the safety supervision rates of the HSR company in a static RPCS is lower than in a dynamic RPCS, and the mean value of the safety investment rates of the three agents in a static RPCS is higher than in a dynamic RPCS. Therefore, when multiple agents exist in the system, the use of a dynamic RPCS can effectively reduce the fluctuations of the game process while reducing the safety investment rate of the three agents.
From the above simulation results, it can be seen that although there are fluctuations in the game process in a static RPCS, it can effectively increase the safety investment rate of the three agents in a short period of time, which is conducive to the improvement of the operational safety level and the reduction of risks for the HSR. The fluctuations have been rapidly constrained in a dynamic RPCS so that the risks caused by uncertain factors are reduced. When the HSR company make strategic selections and develops policies, they should combine static and dynamic RPCSs according to their main objectives during different periods so that the safety level of HSR operations with multiple agents can be controlled in a stable manner, thus reducing the occurrence of safety accidents. 
Conclusions
Because the HSR company has multiple agents in its operational safety supervision system in China, the evolutionary game process is more complicated. Based on the HSR ETMM, a model for a supervision evolutionary game among the HSR company and its three agents has been established. The theoretical analysis combined with SD simulations enabled the analysis of the strategy selection of all the stakeholders that are influenced by different RPCSs and coefficients under conditions of bounded rationality. The main conclusions of this study include the following,
(1) In a static RPCS, the game process of the four stakeholders fluctuates. No ESS exists. A reasonable determination of the reward-penalty coefficient will have a direct impact on the strategy selection of these stakeholders. When the coefficient value is small, income from illegal operations (the safety investment cost) of Agent 1 is higher than the possible penalty, so the supervision and inspection results for Agent 1 do not work well. The safety investment rate of Agent 1 is low, and it can potentially lead to an increase in risk. However, through the increase in the coefficient value, the amplitude and frequency of fluctuations of the game process in the system are increased, causing uncertainty in the outcome of the game and making the actual problem more difficult to control.
(2) In a dynamic RPCS, the fluctuations of the game process are effectively constrained and there is an ESS in the game process. The results indicate that the desired control goal of the supervision and inspection rate of the HSR company and the safety investment rates of the three agents can be achieved quickly. However, with the same reward-penalty coefficient, the static RPCS is more effective than the dynamic RPCS for the improvement of the safety investment rate.
(3) In both the dynamic and static RPCS, if the three agents have illegal behavior and neglect safety investment at the same time, the penalty for them is far more than their own safety investment cost. Because the safety investment cost for Agent 3 is the lowest among the three agents, its safety investment rate can reach the highest level faster than Agent 2, indicating that an agent with a relatively low safety investment cost is more inclined to make safety investments. 
